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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to a specific non-aqueous electrolytic solution, and to a non-aqueous electrolyte 
cell compnsing it. of which the safety in short-circuit is improved and which exhibits excellent cell capabilities even at 
high voltage. 

BACKGROUND OF THE INVENTION 

[0002] Recently, portable electric appliances such as camera-combined video tape recorders, portable telephones 
lap-top computers and others have been being much popularized. From the viewpoint of environmental protection the 
development of electric cars not discharging exhaust gas of NOx and the like has been being a subject matter for s(^cial 
discussion. Given that situation, studies for developing portable electric powers, and also dean energy sources of 
battenes especially secondary batteries are being made actively. Above all, lithium or lithium ion secondary batteries 

are considered greatlyhopeful. as producinghigherenergydensity as compared with conventional aqueous electrolyte 
secondary batteries comprising lead cells or nicltel-cadmium cells. 

[0003] Asth8electrolyticsolutionforthelithiumorlithiumioncell.widelyusedisaliquidoomprising,astheelectroM^ 
a littiium-based electrolyte saltsuch as LiPFgorthe like, as dissoh/ed in a non-aqueous, cart)onate-based solvent such 
as low-molecular ethylene cartjonate, propylene carbonate, diethyl cart)onate or the like, since its electric conductivity 
IS relatively high and since it is stable for cell potential. 

[0004] Though having high capabilities, the non-aqueous electrolyte cell noted above is problematic in its safetv 
since a combustible organic solvent is used in the electrolytic solution therein. For example, one problem is that when 
ttie cell is short-cireuited. a large current rapidly passes through it to generate heat, thereby resulting in that the elec- 
trolyte solution containing an organic solvent in the cell is vaporized and decomposed to produce gas. Owing to the 

gas generation the cell will be broken, exploded or ignited. Oneconventionalmethodfor solving thisproblemcomprises 
equipping a safety valve or a current-blocking device capable of opening or acting depending on the increase in the 
inner pressure of the cell. 

[0005] However, the improvement in the constitutional mechanism could not always apply to any and every problem 
SabiHties oflrcer ^ '^'^^^ '^^"^^ *^ ""^""^ °' ""^"'^"9 *^ ^'^^^ 

[0006] The present invention has been proposed for the purpose of solving the problem noted above, and one object 

Another object of the invention is to provide a non-aqueous electrolyte cell having excellent cell capabilities, in which 
«ie electrolyhc solution is prevented from being vaporized and decomposed thereby reducing the danger of cell break- 
age and ignition that may be caused by gas generation in the cell 

^^mJ" T^'JlT^I^^ P'^^"* assiduously studied, and. as a 

i M K I' " ^" ^^"^^"^^ '"^^'^ f'^s high chemical stability and is hardly 

Sn?h f- ^ V3P0[ Pressure is used as an electrolyte solvent in a cell, then the electrolytic solution com- 

pnsing the solvent is prevented from being vaporized and decomposed in the cell, thereby reducing the danger of cell 
breakage and ignition, and that the cell comprising the electrolytic solution has excellent cell capaMities. 

SUMMARY OF THE INVENTION 

derivative of the following chemical fonnula 5, and at least one alkali metal salt ' h a 
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D= Si— O 



CH3 



(5) 




CH2-CH2-CHa-0-4CH2-CH2-0 



►)??;/(fH--CH2~0-VR 
\CH3 /n 



wherein a represents an integer of from 1 to 50; b represents an integer of from 1 to 20; m represents an integer of 
from 0 to 40; n represents an Integer of from 0 to 40; R represents a hydrogen atom, or an optionally-substituted alkyi 
group; provided that when b > 1 , a plural number b of D's may be the same or different ones. 
[0009] The siloxane derivative preferably has a coefficient of kinematic viscosity at 25**C of not larger than 5000 cSt. 
and preferably has a mean molecular weight of not larger than 1 0000. When the coefficient of kinematic viscosity and 
the mean molecular weight of the siloxane derivative are so optimized as above, it is possible to produce a solvent of 
the derivative having a suitable viscosity for good use in the electrolytic solution, and having a suitable solubility for 
good mixability in preparing the electrolytic solution. 

[001 0] As comprising the Inorganic polymer siloxane derivative which has high chemical stability and is hardly com- 
bustible or has a low vapor pressure, the non-aqueous electrolytic solution of the invention Is prevented from being 
vaporized and decomposed in the cell comprising it, thereby reducing the danger of cell breakage and ignition, and 
the cell comprising the electrolytic solution has excellent cell capabilities even at high voltage. 
[001 1] The invention also provides a non-aqueous electrolyte cell, which comprises a positive electrode of an oxide 
or a sulfide capable of being doped/dedoped with a lithium ion, and a negative electrode of a carbon material capable 
of being doped/dedoped with a lithium metal, a lithium alloy or an lithium Ion. The cell Is characterized by comprising 
a non-aqueous electrolytic solution that comprises a siloxane derivative of the following chemical formula 6. and at 
least one lithium metal salt 
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wherein a represents an integer of from 1 to 50; b represents an integer of from 1 to 20; m represents an integer of 
from 0 to 40; n represents an integer of from 0 to 40; R represents a hydrogen atom, or an optfonally-substituted alkyi 
group; provided that when b > 1. a plural number b of D's may be the same or different ones. 
[0012] The siloxane derivative preferably has a coefficient of kinematic viscosity at 25»C of not larger than 5000 cSt 
and preferably has a mean molecular weight of not larger than 1 0000. When the coefficient of kinematic viscosity and 
the mean molecular weight of the siloxane derivative are so optimized as above, it is possible to produce a solvent of 
the derivative having a suitable viscosity for good use in the electrolytic solution, and having a suitable solubility for 
good mixability in preparing the electrolytic solution. 

[0013] Since the electrolytic solution in the non-aqueous electrolyte cell of the invention comprises the inorganic 
polymer sitoxane derivative which has high chemical stability and is hardly combustible or has a low vapor pressure 
It IS prevented from being vaporized and decomposed when ttie cell is short-circuited, thereby reducing the danger of 
cell breakage and ignition, and the cell has excellent cell capabilities even at high voltage. 
[0014] The invention further provides a non-aqueous electrolytic solution, which comprises a siloxane derivative of 
the following chemical formula 7, and at least one light metal salt 



CH3 CH3 
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wherein a represents an integer of from 1 to 50; m represents an integer of from 0 to 40; n represents an integer of 
from 0 to 40; R represents a hydrogen atom or an alkyI group; provided that when a > 1 , a plural number a of D"s may 

^ hydrogens in D' and R may be optionally substituted with halogen atoms 
[0015] The invention still further provides a cell, which comprises a positive electrode, a negative electrode a sep- 
arator disposed between the positive electrode and the negative electrode, and a non-aqueous electrolytic solution 
comprising a siloxane derivative of the following chemical fomnula 8 and at least one light metal salt 



CH3 CH3 

CH3— Si — 0— Da— Si — CH3 
I I 
CH3 CH3 

CH3 (8) 

D"=— Si— 0— 
I 

CH2-CH2-CH2-0-f-CH2-CH2-0-W-CH-CH2-O-V-R 

I CH3 j„ 

wherein a represents an integer of from 1 to 50; m represents an integer of from 0 to 40; n represents an integer of 
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20 
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35 



from 0 to 40; R represents a hydrogen atom or an alkyl group; provided that when a > 1 , a plural number a of D's may 
be the same or different ones; and hydrogens in D" and R may be optionally substituted with halogen atoms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Fig. 1 is a characteristic graph showing the charge-discharge ounces in the discharge characteristic test of 
the non-aqueous electrolyte cell of Example 3 of the invention. 

[0017] Fig. 2 is a characteristic graph showing the charge-discharge curves in the discharge characteristic test of 
the non-aqueous electrolyte cell of Example 5 of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 



[001 8] The non-aqueous electrolytic solution and the non-aqueous electrolyte cell comprising it of the invention are 
described in detail hereinunder. 
15 [0019] One embodiment of the non-aqueous electrolytic solution of the invention is characterized by comprising a 
siloxane derivative of the following chemical formula 9, and at least one alkali metal salt. 



<fH3 (jHz 
CHa—^l — O — Da— D'b— CHa 
CHj CH3 

O—f-O— ,9, 

CHa 

30 ^Ha 

Ote |l— O 

CH2-CH2-CH2~0--4CH2-CH2--04j;^H--CH2~0-yR 



VcHa /n 



wherein a represents an integer of from 1 to 50; b represents an integer of from 1 to 20; m represents an integer of 
from 0 to 40; n represents an integer of from 0 to 40; R represents a hydrogen atom, or an optionally-substituted alkyi 
40 group; provided that when b > 1 , a plural number b of D*s may be the same or different ones. 

[0020] Another embodiment of the non-aqueous electrolytic solution of the invention comp rises a solvent of a siloxane 
derivative of the following chemical formula 10, and an electrolyte of at least one light metal salt. 
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I I 
CH3 CH3 

(10) 

CH3 

D*=— Si—O-- 
I 

CH2-CH2-CH2-04-CH2-CH2-0-)snUCH-CH2-0-V-R 



TCH-CH2-0-V-I 
CH3 /„ 



wherein a represents an integer of from 1 to 50; m represents an integer of from 0 to 40; n represents an integer of 
from 0 to 40; R represents a hydrogen atom or an all<yl group; provided that when a > 1 , a plural number a of D"s may 
be the same or different ones; and hydrogens in D" and R may be optionally substituted with halogen atoms 
[00211 The siloxane derivatives are linear siloxane derivatives of which the backbone skeleton comprises linear 
silicon-oxygen bonds and has mono-valent organic side chain(s) bonded to the silicon atom(s). These are inorganic 
polymers having high chemical stability and even high themiochemical stability, as being hardly combusttole and havina 
a low vapor pressure. 

[0022] The siloxane derivatives are desired to be liquid having a relatively low viscosity, and are desired to have a 
struchjre capable of dissolving alkali metal salts. Specifically, the siloxane derivatives are desired to have a coefficient 
of kinematic viscosity at 25-0 of not larger than 5000 cSt (centistokes) and have a mean molecular weight of not larger 
than 10000. 

[0023] More preferably, the electrolytic solution is desired to have an electric conductivity at 25'C of not smaller than 
0.1 mS-cnfi''*. 

[0024] The suitable viscosity of the siloxane derivatives for good use in the electrolytic solution and the suitable 
solubilrty thereof for good mixability in preparing the electrolytic solution may be realized by suitably selecting the chains 
_oJ p. D'_and D" and the side chains, in D' and D" in the chemical formulae 9 and lO.Jt is advantageous chat the skie 
chains in D' and D" m the chemical formulae 9 and 10 contain ether bonding. IMore preferably, a is from 1 to 50 b is 
from 1 to 20. and the sum of a and b is from 1 to 40. Hydrogens in D, D'. D' and the substituent R may be substituted 
with halogen elements such as fluorines, bromines, etc. 

[OOM] The metal salt to be dissolved in the siloxane derivatives includes light metal salts of lithium, sodium aluminium 
Slutfon ^ ^"^ ""^^ ^ ^"'^^^^ determined depending on the type of the cell comprising the non-aqueous electrolytic . 
[0026] For example, for constructing lithium or lithium ion secondary cells, usable are lithium salts such as LiBF. 
.A L luTr^'.'-i^f^o^''^^^'-'* (^f'3S02)2NLI. C4F9SO3U. CFgCOaLi. (CF3C02)2NLi. CeFgSOaLi. CaFiTSO.Lt 
^fi^i^luCffl^^^^^^ (CFaSO^NLi. ((CF3),CHOSO^,NLi! (CF3Sq^3CLir;c:F3 

[0027] In the non-aqueous electrolytic solution comprising the siloxane derivative and the alkali metal salt noted 
above, the solvent, siloxane derivative has good chemical stability and themwchemteal stability. Therefore even when 
a large current rapidly passes through the electrolytic solution in short-circuit, the solution is prevented from being 
vaporized and decomposed. As a result, the non-aqueous electrolyte cell comprising the non-aqueous electrolytic 
solution B protected from tfie danger of rapid cell breakage and ignition when it is short-circuited, and its safety is 
improved. Even at high voltage, ttie cell can exhibit excellent cell capabilities. 

[0028] The non-aqueous electrolytic solution noted above is favorable for a non-aqueous electrolyte secondary cell 
comprising a positive electrode of an oxide or a sulfide capable of being doped/dedoped witti littiium. and a negative 
fn!^? ^ ^ " ""^'^"^ ""^^ °* "^'"9 doped/dedoped with a littiium metal, a litiiium alloy or an littiium ion 
[OOM] For example, for constmcting lithium secondary cells comprising ttie electrolytic solution, employable as the 
positive electrode active material is a lithium-free metal sulfide or oxide, such as TlSj. MoS,. NbSe,. V,Os or the like 
or a hthium-containing lithium composite oxide. 2 5 "'"^o. 

[0030] Especially for constructing cells having high energy density, preferably used is a lithium composite oxide 
consisting essentially of Li^Og (where M is preferably at least one transition metal, and 0.05 s x s 1 1 0) The lithium 
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composite oxide includes, for example, LiCoOg, LiNiOg. LixNiyCo^.y02 (where x and y vary depending on the cell 
discharging condition, but In general, 0 < x < 1, and 0.7 < y^ 1), LiMn204, etc. 

[0031 ] The lithium composite oxide of that type may be prepared by grinding and mixing a lithium carbonate, nitrate, 
oxide or hydroxide with a carbonate, nitrate, oxide or hydroxide of cobalt, manganese, nickel or the like in accordance 
with the desired composition of the product, followed by firing the resulting mixture In an oxygen atmosphere at a 
temperature falling between 600 and lOOO^C. 

[0032] As the negative electrode, employable Is a carbon material or the like capable of being doped/dedoped with 
lithium, a lithium alloy such as an LI-AI alloy or the like, or a lithium ion. The carbon material may be prepared at a 
predetemrilned temperature in a predetermined atmosphere. To prepare it. for example, employable Is any of pyrolyzed 
carbons, cokes (petroleum cokes, pitch cokes, etc.), artificial graphites, natural graphites, carbon blacks (acetylene 
black, etc.), vitreous carbons, fired organic polymer materials (those as prepared by firing organic polymer materials 
In an inert gas stream atmosphere or in vacuum at suitable temperatures not lower than SOOpC), carbon fibers, etc. 
[0033] As the solvent for the non-aqueous electrolytic solution, any one of the siloxane derivatives mentioned above 
may be used singly, or, as the case may be, may be combined with any other conventional known solvent. The other 
solvent includes, for example, propylene carbonate, ethylene carbonate, diethyl carbonate, methylethyl carbonate, 
1 .2-dimethoxyethane, 1 ,2-diethoxyethane, v-butyrolactone. tetrahydrofuran. 1 ,3-dioxolane, dipropyl carbonate, diethyl 
ether, sulfolane, methylsulfolane. acetonitrile. propylnltrile, anisole, acetates, propionates, 2-methyltetrahydrofuran, 
etc. Two or more of these solvents may be used in mixture. 

[0034] As the separator for preventing the current short-circuit to be caused by direct contact between the positive 
electrode and the negative electrode noted above, employable Is a material capable of surely preventing the direct 
contact of the two electrodes and capable of passing therethrough or keeping therein an electrolytic solution, for ex- 
ample, non-woven fabric of a synthetic resin such as polytetrafluoroethylene, polypropylene, polyethylene or the like, 
or even a porous ceramic film, a porous thin film or the like. 

[0035] In the non-aqueous electrolyte cell of the invention, in which the electrolytic solution comprises an inorganic 
polymer siloxane derivative which has high chemical stability and is" hardly combustible or has a low vapor pressure, 
such as that mentioned hereinabove, the electrolytic solution is prevented from being vaporized and decomposed! 
thereby reducing the danger of cell Ignition and inflammation, and the cell has excellent cell capabilities even at high 
voltage. 

[0036] As the other members constituting the cell of the invention, any conventional ones may be employed with no 
problem. The shape of the cell is not specifically defined, including, for example, coin-type, button-type, paper-type, 
angular or spiral-structured cylindrical cells, etc. 

[0037] The invention Is described concretely with reference to the following Examples, which, however, are not In- 
tended to restrict the scope of the invention. 

Example 1 

[0038] To any of siloxane derivatives (1 ) to (3) of the following chemical formulae 1 1 to 1 3, added was a lithium salt 
with its concentration being varied. Each of the resulting mixtures was sandwiched between a pair of stainless plates 
each having a thickness of 0.145 cm and an area of 0.7854 cm2. and its electric conductivity was obtained through 
so-called Cole-Cole plotting for which the sinusoidal cun^ent voltage applied is expressed in a symbolic method (com- 
plex expression). The data obtained are shown in Table 1. 

[0039] The coefficient of kinematic viscosity at 25°C of the siloxane derivative (1 ) of formula 11 was 1 00 cSt; that of 
the siloxane derivative (2) of fonmula 1 2 was 1 600 cSt; and that of the siloxane derivative (3) of formula 1 3 was 400 cSt 
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Siloxane derivative (1): 
[0040] 



CH,-po-|-ji— . 4-|.-CH, 

CHj XcHj /lO VH2-CHt-CHa-0-fCHj-CH2-Ol^^3/5 CHa 



(11) 

Siloxane Derivative (2):. 
C0041] 



CH3 -si-o4-si-o4— 4-si-o- 
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Siloxane Derivative (3): 
[0042] 



CH3 \CH3 /24 ^CH2-CH,-CW,~«^^^ / I 
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Table 1 



Sample No. 


Siloxane Derivative 


Type of Li Salt 


Weight Mol Concentration 
(m) 


Electric Conductivity 
(25°C) [mS cm-i] 


Sample 1 


Siloxane Derivative (1) 


(CF3S02)2NLi 


0.5 


2.20 X 10-1 


Sample 2 


Siloxane Derivative (1) 


(CF3S02)2NLi 


1.0 


2.25x10-1 


Sample 3 


Siloxane Derivative (1) 


(CF3S02)3CLI 


0.5 


1.20xiai 


Sample 4 


Siloxane Derivative (1) 


(CF3S02)3CLI 


1.0 


1.26x10-1 


Sample 5 


Siloxane Derivative (2) 


(CF3S02)2NLI 


0.5 


2.09x10-2 


Sample 6 


Siloxane Derivative (2) 


(CF3S02)2NLi 


1.0 


4.05x10-2 


Sample 7 


Siloxane Derivative (2) 


{CF3S02)3CLi 


0.5 


3-64x10-2 


Sample 8 


Siloxane Derivative (2) 


(CF3S02)3CLi 


1.0 


3.80x10-2 


Sample 9 


Siloxane Derivative (3) 


(CF3S02)2NLi 


0.5 


4.62x10-2 


Sample 10 


Siloxane Derivative (3) 


(CF3S02)2NLi 


1.0 


4.80x10-2 


Sample 11 


Siloxane Derivative (3) 


(CF3S02)3CLi 


0.5 


2.75x10-2 


Sample 12 


Siloxane Derivative (3) 


(CF3S02)3CLI 


1.0 


2.88x10-2 



[0043] From the data in Table 1, It is known that the electric conductivity of the electrolytes comprising any of the 
25 siloxane derivatives of formulae 11 to 13 is satisfactory for use of the derivatives in cells. It is also known therefrom 
that, of the siloxane derivatives (1) to (3) each having a different coefficient of kinematic viscosity, the electrolyte com- 
prising the derivative (1) having a lower coefficient of kinematic viscosity has a higher electric conductivity. 

Example 2 

30 

[0044] The cyclic voltamogram of each of the siloxane derivatives (1) and (2) of formulae 11 and 12 was measured 
to determine the oxidation stability of the derivatives. To measure this, used was a three-electrode electrochemical cell 
In which the working electrode was a nickel electrode (diameter 0.5 mm) and the counter electrode and the reference 
electrode were of a lithium metal. In the cell, the potential before the generation of an oxidation current of 1 00 ^ cm ^ 
05 was measured to be a stable potential range. As a result, the oxidation stable potential of Sample 2 was 5.8 V; and 
that of Sample 6 was 6.0 V. 

[0045] These data indicate that the siloxane derivatives exhibit excellent cell capabilities even at high voltage. 
Example 3 

40 

[0046] A coin cell was produced, comprising a positive electrode of LiCo02, a negative electrode of a carbon material 
and an electrolytic solution comprising the siloxane derivative (1) of fonmula 1 1 , and subjected to a charge-discharge 
test. In the test, 20 charge-discharge cycles were repeated. For one cycle, the uppermost voltage was 4.2 V. the 
lowermost voltage was 3.0 V, and the discharge current was 100 )xA. The charge-discharge test data are in Fig. 1 . 
45 [0047] From the data in Rg. 1 , it Is known that the cell capabilities of the cell comprising the siloxane derivative (1) 
are good. 

[0048] In the following Examples, prepared were four types of a non-aqueous electrolytic solution comprising a si- 
loxane derivative of the following chemical fomriula 14 and a lithium salt of {CF3S02)2NU added thereto. The amount 
of (CF3S02)2NLi added was varied as in Table 2. Precisely. 0.5 mols, per gram of the siloxane derivative, of the salt 
50 was added in Example 4; 1 .0 mol in Example 5; 1 .5 mols in Example 6; and 3.0 mols in Example 7. 



55 . 



9 



EP 0 932 215 B1 



I / I \ 

CHa-Si-O+Si-O i. ^„ 

I I I f S.-CH3 

CH3 \CH2-CH2-CH2-0-(-CH2-CH2-0-)j-CH3/2 CH, ' 



(14) 



Table 2 





Amount of (CF3S02)2NLI (mol) added to 1 g of siloxane 
derivative 


Electric Conductivity (25°C) (mS/ 
cm) 


Example 4 


0.5 


2.93x10-1 


Example 5 


1.0 


4.04x10-1 


Example 6 


1.5 


3.39x10-1 


Example 7 


3.0 


1.03x10-1 



The non-aqueous electrolytic solutions of these Examples were subjected to an ion conductivity test. In the test each 
solution was sandwiched between a pair of stainless plates each having a thiclaiess of 0. 1 45 cm and an area of 0 7854 
cmz. to which was applied a voltage, and its electric conductivity was obtained through so-called Cole-Cole plotting 
for which the sinusoidal current voltage applied is expressed in a symbolic method (complex expression) The data 
obtained are shown in Table 2. The coefficient of kinematic viscosity at 25'>C of the siloxane derivative of formula 14 
used'in these Examples was 20 cSt. 

P049] From the data obtained, it is known that the electric conductivity of the non-aqueous electrolytic solutions in 
these Examples Is satisfactory for use of the solutions in cells. 

[0050] The non-aqueous electrolytic solution of Example 5 was subjected to an oxidation stability test and a discharge 
charactenshc test. In the oxidation stability test, the cyclic voltamogram of the solution was measured to determine the 
oxidation stability of the solution. To measure this, used was a three-electrode electrochemical cell, in which the working 
electrode was a nickel electrode having a diameter of 0.5 mm and the counter electrode and the reference electrode 
were of a lithium metal. In the cell, the potential before the generation of an oxidation current of 100 nA/cm2 was 
measured to be a stable potential range. As a result, the oxidation stable potential of the solution tested was 4 8 V and 
was satisfactorily high. The test result indicates that the non-aqueous electrolytte solutfon exhibits excellent cell capa- 
bilities even at high voltage. 

[0051] In the discharge characteristfc test, a coin-type test cell was produced and subjected to the test The test cell 
comprised a positive electrode of LICopa. and a negative electrode of a carbon material. In the test 20 charge-dis- 
charge cycles were repeated. For one cycle, the uppermost voltage was 4.2 V. the lowermost voltage was 3 0 V and 
ttie discharge current was 100 nA The charge-discharge curves obtained in the test are in Fig. 2. From the data In 
Fig. 2. It IS known that the charge-discharge characteristic of the cell comprising the non-aqueous electrolytfc solutfon 
IS good. The data indicate that cells comprising the non-aqueous electrolytic solutfon tested herein have good cell 
capabilities. 

[0052] From the test results mentioned above, it is known that the electric conductivity and the chargeHlischarge 
charactenstic of the non-aqueous electrolytic solutions in these Examples are both satisfactory, and that the solutions 
are stable even at high voltage. Therefore, cells comprising any of those non-aqueous electrolytte solutions have good 

cell capabilities. " 

[0053] As is obvious from the description in the above, the non-aqueous electrolytic solution of the invention com- 
pnses a specific siloxane derivath^e and has good chemical and themiochemical stability. The non-aqueous electrolyte 
cen compnsing the electrolytic solution of the im^ention has high safety, and has good cell capabilities even at hfoh 
voiiaQe. 

[0054] While the invention has been described In detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modificatfons can be made therein without departing 
from the scope thereof. 
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Claims 

1. A non-aqueous electrolytic solution comprising a siloxane derivative of the following cliemical formula 1, and at 
least one alkali metal salt: 



<fH3 CjHi 
CH3~^I — O — ^^Da— -D-b— ^i— CH3 
CH3 CHa 



(fH3 

15 D= ^1 — O- 

CH3 
(fH3 

20 or= — |i — o- 



(1) 



CHz-CHz-CHj— O— fCH2-CH2-oWcH-CH2— O-Vr 

\CH3 



t 

/n 



wherein a represents an integer of from 1 to 50; b represents an integer of from 1 to 20; m represents an integer 
of from 0 to 40; n represents an integer of from 0 to 40; R represents a liydrogen atom, or an optionally-substituted 
allcyl group; provided that when b > 1 , a plural number b of D*s may be the same or different ones. 

30 2. The non-aqueous electrolytic solution as claimed in claim 1 , wherein said siloxane derivative has a coefficient of 
kinematic viscosity at 25°C of not larger than 5000 cSt. 

3. The non-aqueous eiectrolytic solution as claimed in claim 1 , wherein said siloxane derivative has a mean molecular 
weight of not larger than 1 0000. 



4. The non-aqueous electrolytic solution as claimed in claim 1 . wherein said alkali metal salt is a lithium metal salt. 

5. The non-aqueous electrolytic solution as claimed in claim 1, which has an electric conductivity at 25''C of not 
smaller than 0.1 mS-cm-^ 



6. A non-aqueous electrolyte cell comprising a positive electrode of an oxide or a sulfide capable of being doped/ 
dedoped with a lithium ion. a negative electrode of a carbon material capable of being doped/dedoped with a 
lithium metal, a lithium alloy or an lithium ion, and a non-aqueous electrolytic solution, wherein; 

said non-aqueous electrolytic solution comprises a siloxane derivative of the following chemical formula 2, 
45 and at least one lithium metal salt 



so 



55 
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CHa— 1|— O — D,— Cb— CHj 

CH3 CH3 



(jH3 

D= |i 

CH3 



(2) 



CH2-CH2-CH2-0~fCH2-CH2-oW<^H-CH2--O-yR 



wherein a represents an integer of from 1 to 50; b represents an integer of from 1 to 20; m represents an integer 
of from 0 to 40; n represents an integer of from 0 to 40; R represents a hydrogen atom, or an optionally-substituted 
alkyi group; provided that when b > 1 , a plural number b of D's may be the same or different ones. 

7. The non-aqueous eleclrolyte cell as claimed in claim 6. wherein said siloxane derivative has a coefficient of kine- 
matic viscosity at 2S'C of not larger than 5000 cSt. 

8. -Rie non-aqueous electrolyte cell as claimed in claim 6. wherein said siloxane derivative has a mean molecular 
weight of not larger than 10000. 

9. The non-aqueous electrolyte cell as claimed in claim 6. wherein said non-aqueous electrolytic solution has an 
electric conductivity at 25'"C of not smaller than 0.1 mS cm-i. 

10. A non-aqueous electrolytic solution comprising a siloxane derivative of the following chemical fbmiula 3 and at 
least one light metal salt: 



CH3 CHa 

' I 
CHa— Si —O—D.— Si— CHa 
I I 
CHa CH3 



CHa 

0"=— Si— 0— 
I 

CH2-CH2-CH2-0-(-CHi-CHa-C-3ij^CH-CH2-0-V-R 



TCH-CH2-0-V-f 
CHa I 



wherein a represents an integer of from 1 to 50; m represents an integer of from 0 to 40; n represents an integer 
Of from 0 to 40; R represents a hydrogen atom or an alkyI group; provided that when a > 1, a plural number a of 
D s may be the same or different ones; and hydrogens in D" and R may be optfonally substituted with halogen 
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atoms. 

11. The non-aqueous electrolytic solution as claimed in claim 10, wherein said slloxane derivative has a coefficient of 
kinematic viscosity at aS'^C of not larger than 5000 cSt. 

12. The non-aqueous electrolytic solution as claimed in claim 10, wherein said slloxane derivative has a mean molec- 
ular weight of not larger than 1 0000. 

13. The non-aqueous electrolytic solution as claimed in claim 10, wherein said light metal salt is a lithium metal salt. 

14. The non-aqueous electrolytic solution as claimed in claim 10, which has an electric conductivity at 25**C of not 
smaller than 0.1 mS/cm. 

15. A ceil comprising; 



a positive electrode, 
a negative electrode, 

a separator disposed between said positive electrode and negative electrode, and 
a non-aqueous electrolytic solution comprising a slloxane derivative of the following chemical formula 4, and 
20 at least one light metal salt: 

CH3 CH3 

I . I 

CH3— Si — O— D;— Si — CH3 

II 
CH3 CH3 

CH3 

30 I 

tf^— Si— O— 
1 

CH2— CH2 — CH2— 0-f-CH2— CH2— CH2--0- 



TCH— CH2— o-yR 
CH3 /„ 



(4) 



wherein a represents an integer of from 1 to 50; m represents an integer of from 0 to 40; n represents an 
^0 integer of from 0 to 40; R represents a hydrogen atom or an alky! group; provided that when a > 1 , a plural 

number a of D's may be the same or different ones; and hydrogens In D" and R may be optionally substituted 
with halogen atoms. 

16. The ceil as claimed in claim 15, wherein the slloxane derivative in said non-aqueous electrolytic solution has a 
^ coefficient of kinematic viscosity at as^'C of not larger than 5000 cSt. 

17. The cell as claimed in claim 15, wherein the slloxane derivative in said non-aqueous electrolytic solution has a 
mean molecular weight of not larger than 10000. 

so 18. The cell as claimed in claim 15, wherein said non-aqueous electrolytic has an electric conductivity at 25*C of not 
smaller than 0.1 mS/cm. 

1 9. The cell as claimed in claim 1 5, wherein said positive electrode comprises an oxide or a sulfide capable of absorbing 
and desorbing a lithium ion, and said negative electrode comprises a carbon material capable of absorbing and 
ss desorbing lithium, a lithium alloy or a lithium ion. 
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Patentanspruche 

1. Nicht-wassrige Elektrolytlosung, umfassend eine Siloxanverbindung der folgenden chemischen Formel 1 sowie 
zumindest ein Alkalimetallsalz: 




(i) 



^CH3 /n 

wobei a eine ganze Zahl zwischen 1 und 50 bedeutet; b eine ganze Zahl zwischen 1 und 20 bedeutet: m eine 
ganze Zahl zwischen 0 und 40 bedeutet. n eine ganze Zahl zwischen 0 und 40 bedeutet R ein Wasserstoffatom 
h Ir p"^K 9f 9«5f "f "'f ""»^t"ferte. Alkylgruppe sein kann: mit der MaBgabe, dass bel b > 1 mehrere Zahlen 
b der Einheiten D gleich oder verschleden sein kdnnen. 

^ ^SZ^'^Z^Tl^'T^^'"''^ ".-'H ^""""'^ Siloxanverbindung einen Koeffizienten der Wnema- 

tischen Viskositat bei 25 "C von hochstens 5.000 cSt aufweist 

^' hS!^!^iaM?a'SS""' '^'"^ ' ' ""Weres MolekOlgewteht von 

4. Nicht-wassrige Elektrolytlosung nach Anspruch 1, wobei das Alkalimetallsalz ein Uthiummetallsalz ist. 

^" o.frll^r^fauf^'S'^^""^"^''''^^^^ 

wl^h^-f Ji'^l'w'''"^'"'.^'!'*^'^'"" """'^"^""^ ^^"^ ^'^"^^^^ Oder einem SulfW. 

welches em Lithiumion aufnehmen oder abgeben kann, eine negative Elektrode aus einem KohlenstoflmateriS 

sowiefumTdr^Tii^rXr ^'^^-^^-^ ^=0-1 2 umlasst. 
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10 



IS 




Da |i 0 

CHj 

^CHz In 

20 wobei a steht fQr eine ganze Zahl zwischen 1 und 50: b steht fOr eine ganze Zaht zwischen 1 und 20: m steht fOr 
eine ganze Zahl zwischen 0 und 40; n steht fur eine ganze Zahl zwischen 0 und 40: R steht fur eln Wasserstoffatom 
Oder eine Aikylgruppe. weiche gegebenenfalts substituiert sein kann: mit der MaBgabe dass be! b > 1 mehrere 
Zahlen b der D-Elnheiten gleich Oder verschleden sein konnen. 

2S 7. Zelle mit nicht-wassrigem Elektrotyten nach Anspruch 6, wobei die Siloxanverbindung einen Koeffizienten der 
kinematischen ViskositSt bei 25 von hochstens 5.000 cSt aufweist. 

8. Zelle mit nicht-wSssrigem Elektrolyten nach Anspruch 6, wobei die Siloxanverbindung ein mittleres MolekQlgewicht 
von hochsten 1 0.000 aufweist. 

30 

9. Zelle mit nicht-wassrigem Elektrolyten nach Anspruch 6, wobei die nicht-wSssrige Elektrolytldsung eine elektrische 
Leitfahlgkeit bei 25 °C von mindestens 0,1 mS • cm-i aufweist. 

10. Nicht-wassrige Elektrolytldsung, umfassend eine Siloxanverbindung der foigenden chemischen Forme! 3, sowie 
35 zumindest ein Leichtmetallsalz: 



40 



CH3 CH3 

I . I 

CH3— Sl~0— Da— Si— CH3 

I I 
CH3 CH3 



45 



50 



CH3 
I 

-Si— 0 — 



(2) 



\ CH3 



T 



wobei a steht fOr eine ganze Zahl zwischen 1 und 50; m steht fOr eine ganze Zahl zwischen 0 und 40; n steht fOr 
eine ganze Zahl zwischen 0 und 40; R steht fOr ein Wasserstoffatom oder eine Alkylgruppe; mit der MaBgabe, 
dass bei a > 1 mehrere Zahlen a der D'-Einheiten gleich Oder verschieden sein konnen; und die Wasserstoffe in 
D" und R gegebenenfalls durch Halogenatome substituiert sein kdnnen. 
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11. Nicht-wassrige Elektrolytlosung nach Anspruch 10. wobei die Siloxanverbindung einen Koeffizienten der kinema- 
tischen Viskositat bel 25 **C von hochstens 5.000 cSt aufweist. 

1 2. Nicht-wassrige Elektrolytlosung nach Anspruch 1 0. wobei die Siloxanverbindung ein mittleres Molekulgewfcht von 
hochstens 1 0.000 aufweist 

13. Nicht-wassrige Elektrolytlosung nach Anspruch 10. wobei das Leichtmetallsalz ein Lithiummetallsalz ist. 

14. Nicht-wassrige Elektrolytlosung nach Anspruch 10. welche eine elektrische Leitfahigkeit bei 25«C von wenigstens 
0,1 mSrem aufweist 

15. Zelle, umfassend: 

eine positive Elelttrode. 
eine negative Elektrode, 

einen zwischen der positiven Elelrtrode und der negativen Elektrode angeordneten Separator sowie 

eine nicht-wassrige Elektrolytlosung. umfassend eine Siloxanverbindung der folgenden ofieniischen Fennel 

4, sowie zumindest ein Leichtmetallsalz: 



CHa CH3 

CH3— Si — O— Di— Si — CH3 
I I 
CH3 CH3 



CHs 

, I 

Si~0— 

I 

CHa-Crte-CHt-O-J-CHz-CHi-O-^CH-CHz-O- 



n 
(4) 



wobei a steht f Qr eine ganze Zahl zwischen 1 und 50, m steht fur eine ganze Zahl zwischen 0 und 40. n steht 
fur eine ganze Zahl zwischen 0 und 40. R steht fur ein Wasserstoffatom oder eine Alkylgruppe; mit der 
w«c!^!"« ""^^'^'^ ^ D--Einhelten gleich oder verschieden sein kSnnen; und die 

Wasserstoffe in D' und R gegebenenfalls durch Halogenatome substitulert sein kfinnen. 

16. Zelle nach Anspruch 15. wobei die Siloxanverbindung in der nioht-wSssrigen Elektrolytlosung einen Koeffizienten 
der kinematischenViskositat bel 25 »C von hochstens 5.000 est aufweist • 

StaeiSi o'^^ S»o)anverbindung in der nfeht-wassrigen Elekbolytldsung ein mittleres Mole- 
Kuigewicht von hdchstens 1 0.000 aufweist. 



a^te^Sn i" Kohlenstoffmatenal umfasst. das Lithium aufnehmen und at^ 

gebenkann. eine Uthiumlegierung Oder ein Lithiumion. 
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Revendicatlons 



1. Solution ^lectrotytfque non aqueuse comprenant un d§riv6 de siloxane de formule chimique suivante (1). et au 
moins un set alcalin : 



10 



15 



20 



25 




(1) 



CH-CH -CH -O— (CH -CH -OH 



•CH -CT _o4-R 

I 

CH 



30 



3$ 



40 



a repr6sentant un nombre entler comprls entre 1 et 50, b un nombre entier compris entre 1 et 20. m un nombre 

antler compris entre 0 et 40, n un nombre entier compris entre 0 et 40, R un atome d'hydrog^ne ou un groupe 
alkyi 6ventuellement substltu6, pourvu que. lorsque b > 1, les b motifs D' solent identiques ou diff^rents. 

2, Solution ^lectrolytique non aqueuse selon la revendlcation 1 . dans laquelle le d6riv6 de siloxane a un coefficient 
de viscosity cin^matique k 25 ""C qui ne d^passe pas 5 000 cSt. 

3. Solution 6lectrolytique non aqueuse selon la revendication 1 , dans laquelle le derive de siloxane a une masse 
mol^culaire moyenne qui ne d^passe pas 10 000. 

4- Solution 6lectrolytique non aqueuse selon la revendication 1, dans laquelle le sel alcalin est un sel de lithium. 

5. Solution ^lectrolytique non aqueuse selon la revendication 1 . qui poss^de une conductivity k 25 qui n'est pas 
infSrieure k 0,1 mS/cm. 



45 6. Cellule 6lectrochimique k Electrolyte non aqueux, comprenant une Electrode positive d'un oxyde ou d'un sulfure 
qui peut §tre dopEe ou dEdopEe par un Ion lithium, une Electrode nEgative d'un matEriau k base de carbone qui 
peut §tre dopEe ou dEdopEe par du lithium mEtallique, un alliage de lithium ou un ion lithium, et une solution 
Electrolytique non aqueuse, dans laquelle 

la solution Electrolytique non aqueuse comprend un dErivE de siloxane de formule chimique suivante (2) et 

so au morns un sel de lithium : 
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CB 



— Si— o — D — D» — Si — cH 



CB 



CH 



10 



15 



20 




(2) 



D * s — Si — o— . 



CH-CH^-^CH^-O-^CH -CH^-OH-f CH ^CH -oUr 



25 



30 



35 



a repr^sentant un nombre entier compris entre 1 et 50, b un nombre entier compris entre 1 et 20. m un nombre 
entier compris entre 0 et 40. n un nombre entier compris entre 0 et 40, R un atome d'hydrog§ne ou un groupe 
alkyi 6ventuellement substrtu§. pourvu que, lorsque b > 1. les b motifs D' soient identiques ou diff6rents. 

7. Cellule §lectrochimique k electrolyte non aqueux selon la revendication 6. dans iaquelle le deriv6 de siloxane a 
un coefficient de viscosity cin§matique k 25 °C qui ne d^passe pas 5 000 cSt. 

8. Cellule 6lectrochlmlque k Electrolyte non aqueux selon la revendication 6. dans Iaquelle le d§riv6 de siloxane a 
une masse molEculaire moyenne qui ne d^passe pas 10 000. 

9. Cellule Electrochimique k electrolyte non aqueux selon la revendication 6. dans Iaquelle la solution Electrolytique 
non aqueuse a une conductivite a 25 °C qui n'est pas infErieure k 0,1 mS/cm. 

10. Solution 61ectrolytlque non aqueuse contenant un derive de siloxane de fomiule chimique suivante (3) et au moins 
un sel d'un metal leger : 



40 



45 



CH, CH^ 
CH — ^Si o — ^D" — Si — CH 

3 I a I a 



CH 



CH 



CH 



(3) 



50 



55 



— Si 0 — 

CH-CHjj-CH^-0-(CH -CH,-oH.CH -CH^-ol-R 

CH 



a reprisentant un nombre entier compris entre 1 et 50. m un nombre enter compris entre 0 et 40. n un nombre 
entier compris entre 0 et 40. R un atome d'hydrog6ne ou un groupe alkyl. pour\ai que. lorsque a > 1 . les a motife 
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D" soient identiques ou diff^rents. et les atomes d"hydrog6ne des motifs D" et R peuvent §tre 6ventuellement 

substitu6s par des atomes d'halogfene. 

1 1 . Solution ^lectrolytique non aqueuse selon la revendication 1 0, dans laquelle le d^riv6 de siloxane a un coefficient 
de viscosity cin§matique k 25 qui ne d^passe pas 5 000 cSt. 

12. Solution 6lectrolytique non aqueuse selon la revendication 10, dans laquelle le d§riv6 de siloxane a une masse 
mol^culaire moyenne qui ne d^passe pas 10 000. 

13. Solution ^lectroiytique non aqueuse selon la revendication 10. dans laquelle le sel d'un m§tal t^ger est un sel de 
lithium. 

1 4. Solution 6lectroIytique non aqueuse selon la revendication 1 0, qui a une conductivlt6 k 25 ''C qui n'est pas inf6rieure 
^0,1 mS/cm. 

15. Cellule 6lectrochimique comprenant : 

une Electrode positive, 
une Electrode negative, 

un s^parateur plac^ entre I'^lectrode positive et {'Electrode negative, et 

une solution 6Iectrolytique non aqueuse contenant un d6riv6 de siloxane de formule chimique suivante (4) et 
au moins un sel d'un m§tal l^ger : 



CH 



CB 



CH -~Si— O — D" — SI CH 

3 I a I 3 



I 



CH. 



CH, 

3 3 

= — ^Si — o — 

I 

CH-CH^^CH^-0-(CH^-CH^-OJ 



(4) 



CH -CH -CH-R 
I 

CH 



a repr^sentant un nombre entier compris entre 1 et 50, m un nombre entier compris entre 0 et 40, n un nombre 
entier compris entre 0 et 40, R un atome d'hydrog^ne ou un groupe alkyl. pourvu que, lorsque a > 1, les a 
motifs D" soient identiques ou diff^rents. et les atomes d'hydrog^ne des motifs D" et R peuvent §tre 6ventuel- 
lement substitu^s par des atomes d'halog^ne. 

16. Cellule 6lectrochimique selon la revendication 15. dans laquelle le d§riv§ de siloxane de solution 6lectrolytique 
non aqueuse a un coefficient de viscosity cin6matlque k 25 °C qui ne d^passe pas 5 000 cSt. 

17. Cellule §lectrochimique selon la revendication 15, dans laquelle le d6riv6 de siloxane de la solution §lectrolytique 
non aqueuse a une masse mol6culaire moyenne qui ne d^passe pas 10 000. 

18. Cellule 6lectrochimique selon la revendication 15. dans laquelle la solution 6lectrolytique non aqueuse a une con- 
ductivity k 25 "^C qui n'est pas inf^rieure k 0.1 mS/cm. 

19. Cellule 6lectrochimique selon la revendication 15. dans laquelle l'§lectrode positive comprend un oxyde ou un 
sulfure qui peut absorber et d^sorber un ion lithium, et l'61ectrode negative comporte un mat6rlau k base de carbone 
capable d'absorber et d6sorber du lithium, un alliage de lithium ou un ion lithium. 
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